the calcium-activated chloride tail current (plus any conventional synaptic chloride input) is inward upon repolarization of the membrane to Ϫ60 mV (indicating outward Cl Ϫ flux).
C m Recordings: Slices versus Dissociated Terminals
We first sought to determine whether isolated bipolar cell terminals in slice exhibited similar capacitance responses to acutely dissociated bipolar cell terminals. Thus, we measured exocytosis and endocytosis from terminals in both preparations following voltage-clamp depolarizations from Ϫ60 to 0 mV for 2, 20, and 200 ms (Figures 2A and 2B) . Exocytosis (C m jump) was not significantly different between terminals in slice and acute dissociation (C m jumps, slice: 2 ms ϭ 46 Ϯ 4 fF, n ϭ 6; 20 ms ϭ 96 Ϯ 6, n ϭ 10; 200 ms ϭ 205 Ϯ 14 fF, n ϭ 35; C m jumps, dissociated: 2 ms ϭ 45 Ϯ 5 fF, n ϭ 9; 20 ms ϭ 81 Ϯ 12 fF, n ϭ 8; 200 ms ϭ 167 Ϯ 14 fF, n ϭ 23). Although the differences are not significant, averaged C m jumps were slightly larger in the slice preparation. This is not surprising, however, as the average resting membrane capacitance and peak calcium current were also larger in terminals from the slice preparation (slice: resting C m ϭ 5.2 Ϯ 0.3 pF, peak I Ca 2ϩ ϭ 296 Ϯ 20 pA; dissociated: resting C m ϭ 3.3 Ϯ 0.2 pF, peak I Ca 2ϩ ϭ 270 Ϯ 22 pA), and larger terminals tend to have larger C m jumps (von Gersdorff et al., 1996). for fast and slow endocytosis, therefore, did not depend on ⌬C m for pulses of 200 ms or shorter. The amount of membrane retrieved by the fast component of endocytoare about 300 GABAergic boutons per bipolar cell terminal that cover nearly its entire surface and provide sis was, however, reduced following these shorter depolarizations. This change in the proportion of membrane around 98% of its total input (Marc and Liu, 2000) . This synaptic input from amacrine cells to the bipolar cell retrieved by fast endocytosis may relate to the smaller calcium influxes associated with shorter depolarizations terminal has been described previously in several species (Dong and Werblin, 1998; Protti and Llano, 1998; (Neves et al., 2001) or to the coupled decrease in vesicle fusion (smaller C m jumps) associated with less calHartveit, 1999; Singer and Diamond, 2003). In our preparation, reciprocal GABAergic input can be elicited by cium influx. Although most control endocytosis data were best fit depolarizing the bipolar cell presynaptic terminal. This depolarization results in glutamate release from the biwith double exponentials, we note that endocytosis is sometimes well described by single exponential kinetics polar cell and a fast GABAergic feedback that produces large chloride currents capable of completely masking (e.g., see Figure 3C ). We also found that a large component of the reciprocal GABAergic feedback was of cells in slice, we also forced single exponential fits to all dissociated cell data. When only single exponentials mediated by GABA C receptors and that TPMPA (100 M) significantly reduced the total GABAergic input by were used, the more rapid kinetics of endocytosis in dissociated terminals were still clear even though these eliminating a slower, more sustained GABA C current. In slices treated with TPMPA, endocytosis also had a fast fits were often less accurate ( dissoc ϭ 2.4 Ϯ 0.1 s; n ϭ 23).
A major difference between presynaptic terminals in component ( fast ϭ 1.7 Ϯ 0.6 s; 52% of ⌬C m ; slow ϭ 17.8 Ϯ 3.3 s; n ϭ 5; Figure 4B ). Although blocking either GABA slice and in acute dissociation is the GABAergic currents receptor subtype was sufficient to allow fast endocytosis, it is important to note that the amount of GABAergic feedback attributable to each receptor type is quite variable (data not shown). The leftover feedback following inhibition of either GABA A or GABA C receptors was unusually small in these terminals, and this may have allowed for fast endocytosis. It is therefore possible that selectively blocking one receptor subtype would not be sufficient to allow fast endocytosis in terminals with a larger leftover GABA A or GABA C component.
In addition to blocking GABA receptors, it is also possible to "short-circuit" the reciprocal synapse using glutamate receptor antagonists. When the AMPA receptor antagonist NBQX (25 M) and NMDA receptor antagonist APV (50 M) were used to block amacrine cell glutamate receptors, reciprocal feedback to the bipolar terminal was completely blocked (though minor spontaneous GABAergic input remained; Figure 4C ). Under these conditions, endocytosis was again fast ( fast ϭ 2.0 Ϯ 0.5 s; 54% of ⌬C m ; slow ϭ 20.1 Ϯ 3.4 s; n ϭ 9; Figure 4C ). Finally, to prevent chloride influx without application of any drugs, Cl Ϫ was removed from the external solution and replaced by methanesulfonate (125 mM). When this nearly chloride-free solution was used, no GABAergic Cl Ϫ currents appeared during the standard 200 ms depolarization, and endocytosis was fast ( fast ϭ 1.7 Ϯ 0.5 s; 44% of ⌬C m ; slow ϭ 12.2 Ϯ 4.0 s; n ϭ 7; Figure 4D ). Taken together, these recordings suggest that Cl Ϫ influx through ionotropic GABA receptors can inhibit fast endocytosis.
Elevated [Cl
Ϫ ] i Inhibits Endocytosis Over the course of our whole-cell mode recordings, endocytosis typically slowed with successive depolarizations until it completely "washed out" (see below). For this reason, we used the fastest endocytosis from each recording (which usually occurs within the first 2 min of whole-cell recording) as a measure of each terminal's capacity for endocytosis. Though nystatin-perforated patch can slow this washout, we were unable to reliably record with nystatin from isolated terminals in slices. Exocytosis in the bipolar cell requires around 25 s between 200 ms depolarizing pulses to achieve a reproducible C m jump with compensatory endocytosis (von Gersdorff et al., 1998; Neves and Lagnado, 1999). With endocytosis began after a brief delay and had only one ics of I Ca 2ϩ activation (data not shown). This I-V shift is not large enough to completely explain the difference slow kinetic component ( endo ϭ 6.9 Ϯ 0.4 s; n ϭ 14). At 125 mM internal chloride, the fast component of endocyin I Ca 2ϩ amplitudes. However, under 5 mM internal EGTA, we found that Ca 2ϩ currents and C m jumps were the tosis was also completely blocked ( endo ϭ 19.8 Ϯ 6.5 s; n ϭ 6), and we frequently observed step-like capacisame under high and low internal chloride (see Figure  5 ). The Ca 2ϩ currents under 5 mM EGTA were also the tance changes with no endocytosis ( ϾϾ 10 s; n ϭ 7; Figure 5A Figure 5B ). The averaged I-V relationship showed a 4.5 standard counteranion gluconate ( fast ϭ 1.9 Ϯ 0.3 s; slow ϭ 11.1 Ϯ 1.1 s; n ϭ 7; Figure 5C ). Internal nitrate, mV hyperpolarized shift in the peak I Ca 2ϩ under 125 mM internal chloride (n ϭ 4) as compared with 15 mM chlohowever, produced an unidentified standing inward current and exceptionally large tail currents due to its high ride (n ϭ 10), although there was no change in the kinet- permeability through chloride channels. The sustained resulting in a postexocytic capacitance measurement that reflects the much slower process of endocytosis inward nitrate currents and large tail currents made capacitance measurements unreliable (data not shown), (von Gersdorff and Matthews, 1994a). Asynchronous release was also shown to last at most 300 ms after a so endocytosis could not be measured. Figure 6 ). Endocytopool of vesicles, saturating the capacitance response and cium buffer). These rate constants remained fixed under ms ϭ 46 Ϯ 4 fF, n ϭ 15). Moreover, though the resting all calcium buffering conditions with low internal Cl Ϫ , capacitance and calcium currents were larger on averincluding experiments where the nystatin-perforated age in the slice preparation (as reported above), the patch was intentionally ruptured into whole-cell mode difference in exocytosis between preparations under 5 with 0.5 mM EGTA in the patch pipette (nine terminals; mM EGTA was much greater than the difference under Figure 8C ). Under both low and high internal EGTA, how-0.5 mM EGTA. Thus, terminals in the slice have twice ever, we were consistently able to abolish fast endocytothe amount of EGTA-resistant exocytosis, suggesting sis by elevating internal Cl Ϫ , leading us to conclude that the possibility of tighter coupling between Ca 2ϩ chanthe effect of Cl Ϫ on endocytosis is distinct from any role nels and docked vesicles in slice terminals.
of internal free calcium. In summary, the overall kinetics of endocytosis were consistently about an order of magnitude slower under high internal chloride in both the dissociated and slice Discussion preparations, whether 0.5 or 5.0 mM EGTA was used. We were confident that 5 mM EGTA tightly buffered
We have observed a 5-to 10-fold slower rate of endocytosis (C m decay) in terminals from retinal slices as comcalcium in both high and low Cl Ϫ because the Ca 2ϩ -activated chloride tail current was completely absent in pared to acutely dissociated terminals. We propose that Figure 2B) 
